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TAG CELECTRAY 


Heres he most Le aausi tive 
INDI GAVE OD ELLER 













but it does have 


i wl 7 ‘! 


Instantaneous photo-elect ric detection 


6 
This TAG CELECTRAY gives new life to "'on-off'’ 2-position and 3-position control! Ur 


COMPLETE LINE OF ‘ 
hampered by a chopper bar and galvanometer boom, and therefore controlling eve 


PYROMETERS AND 
PRESSURE SPRING instant, instead of through momentary contacts once in a while, its split-second action r 


INSTRUMENTS stricts overswing to the ultimate minimum. 


A PHOTOTUBE «© A MIRROR GALVANOMETER «© A BEAM OF LIGHT 


The TAG CELECTRAY is the ideal controller, not only for many industrial uses, but / 
a wide variety of laboratory purposes as well. Do you want to control to 0.1° — .0! 
one microvolt? . . . Ask us about this, and send for the TA 
Pyrometer Catalog No. 1 101B-1 today. 
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C. J. TAGLIABUE MFG. CO 


Park and Nostrand Aves., Brooklyn, N. Y 


Gentlemen: Please send me a copy of the TAG Pyrometer Catalog No 





TEMPERATURE , o* eee 


City and State 

















Gone is all need for leveling the instrument 
when measuring minute currents. The WersTON 
Model 622 series of ultra-sensitive instruments 

being of the double-pivoted type—are used sim- 
ply in the normal horizontal position, without 
leveling. The instruments in this series include 


DC and AC Thermocouple types, and are avail- 


able in ranges and sensitivities for ordinary field 
and laboratory work, as well as for service 


demanding  ultra-sensitivity; such as circuits 
involving thermocouples. pyrometers, electron 
tubes, ete. The cases are Bakelite, of modern de- 
sign; and the large scale opening and increased 


length of the hand-ealibrated mirror seale sim- 
plifies accurate reading. The mstrument= in 
ranges from 20 microamperes up are electrostati 
eally and magnetically shielded. Lower range 

down to 5 microamperes, are electrostaticalls 
shielded. 

Other features of the Model 622 series. such 
as the convenient switching arrangements. the 
simplicity of connections, and quick replacement 
of thermocouples, merit your immediate investi- 
gation. Bulletins are freely offered .. . Weston 
Electrical Instrument Corporation, 591 Freling- 


huysen Avenue, Newark, New Jersey. 


WE S'TON , 


INSTRI 


AY | irch 


ES TON 
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bite 


MICROAMMETERS 
MILLIVOLTMETERS 












































One of the most complete catalogs on one 


class of instruments ever produced. Follow 


arrow to coupon for your copy..... 

























» | UST OFF THE PRESS 


60-Page Taylor Catalog shows the very latest in Rate- 
of-Flow and Liquid Level Instruments, covering — 


DICATING— INTEGRATING» RECORDING CONTROLLING TYPES FOR ALL CLASSES OF SERVICE 


Send COUPON for this FREE Compre- 
hensive Review of Taylor Developments 


ERE in one place you will find the subject of rate-of- 
flow and liquid level measurement and control brought 
up to date. 





aoe Fl — — for Taylor Flow and Liquid Level instruments are the result 
tial pressure, Static pressure — ‘ 
rature. of a well-rounded program of intensive research and de- 


velopment. In actual service, they have proved that the 
same confidence can be placed in them as in other Taylor 
products. 

The primary devices are time-proven in principle and 
practice, and conform with the latest findings of the leading 
technical organizations. The secondary or measuring de- 
vices are standard Taylor Instruments—renowned through- 
out industry for their accuracy and long-lived dependabil- 
ity. The many standard and special-purpose instruments 
rrating Flow Recorder. Pressure are treated in such a manner as to make selection for a spe- 


mpensated or uncompensated 


Berar cific job extremely simple. 
























Pay special attention to the questionnaire in this new eat- 
alog. It is to help you be doubly sure you get the best in- 
struments for your particular needs. This questionnaire will 
save you time in correspondence, eliminate misunderstand- 
ings, and help to assure efficient instrumentation. 

Remember this fact, too: Taylor Engineers have the 
technical training and wide experience in industrial proc- 
essing to analyze your flow and liquid level problems, pre- 
scribe the required instruments and, if desired, supervise 
their installation. They are also often able to make other 
recommendations which will produce a more efficient and 
highly coordinated system of processing throughout your 
plant. 

Ask a Taylor Representative for this service. But first of 
all get this new Catalog 70 J. The easiest and quickest way 
is to send the coupon. 









Schedule Flow and Liquid 
| Controller. 
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TAYLOR INSTRUMENT COMPANIES, Dept. H 
Rochester, N. Y. (Toronto, Canada—if you are in Car 





Gentlemen: 


Please send me by return mail your Catalog J 







on Flow and Liquid Level Instruments 


Name_ 
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N rHis . t3sS Usa 


iders have sugvested that we 
vy print articles on the “pure 
foundations of various branches 
nentation. We are reluctant to 
\ not “practical” but we'd 
nted Dr. Williams* instalment 
re not part of his seriai, for 

I in iecount of atomic 

hich all readers interested in 
vill find directly useful in clari 


| 


r idea 


yireectly usetul, too, is Ralph Batcher'’s 
on cathode-ray tube ipplications 
tomotive field. And more coming 


month! 


month’s instalment of our Manual 
Instrumentation is not only directly 


eful but intensely practical. It is con 


ted by Ed S. Smith, Jr., already 
wn to our readers for his valuable 
ious contributions,* ind further 
to A.S.M.E. members as one ot 
great Society's most brilliant con 


butors of papers and discussions. He 


discusses the hydraulic side of fitting 
ontrol valve to an application of auto 
tic control. He shows that while such 
ive generally follows the physical 


of flow meters, it nevertheless con 


tutes only one resistance in a line con 


# several resistances. The examples 
se'ects are not so much typical iS 


ting case 


HE FRONT COVER 











CONTROL TERMS 


N his January article, Dr. Williams, referring to that 
ill-defined property known as “hardness,” quoted 
from Plato's Republic: “Any name wi | 
expresses the thought of the mind with clearness.’ 
Would that this were the case vou no doubt think 
with the terms emploved in automatic-control technology 
So thinks your editor. For twelve long vears he has be 
trving to bring a little law-and-order into it. His first 
successes came when he became associated with Jrstru 


] | | 
1 ao Fak. 


ments and used its columns. In 1930, 731 and °32, thanks 
to the support of The Instruments Publishing Company 
thanks to the cooperation of manutacturers’ engineers 
and thanks above all to the fact that the readers of J) 
struments are the ones who have the final sav-so, hi 
ceived tacit pledges of conformity from the most im 
portant organizations concerned. Some made reser 
tions, but it was the first definite forward step. The “ap 
proved” basic terms were published 

The subsequent detailed job being too big for one man, 
it was decided by the leaders of the movement to throw 
it wide open to volunteer helpers from all quarters, and 
as a result of this joint decision the following editorial 
was published in the August 1934 issue of Jnstruments. 


One of the thines we like to do is to discuss instruments with instrument 
men. So do vou. And we bet the kind of powws that doesn’t break up unti 
past midnight is the one where vou and your brother instrumenticians dis 
tutomatic controllers, where quires of paper get filled ith contro ter 
hook-ups and formulas, and where friendly but impassioned arguments rage 

Hlaven’t vou noticed that \v henevet i newcomer make fis iyoyre ce 
vour cirele——from another branch of instrument . from another 
or from another companyv——vou have a hard me underst 
he vou 

It’s nobody's fault ind evervbodw's: i thre hele 
technokogy several language _ rhicicle ip of king is} ords, re 
You can veriftv this by comparing articles on control technology in different 
our ils, or by listening to the sales engines 0 | there 
call on vou, or Dy ittendine neetil ere ( " 
in Whole or in part with cor 

Here are some of tl] te) th ndergo cl ure oT reve 

Back of it all is the fact that auton 
theory that throug mut | these ve rs of Ing ait 
terms and basic general principles of “instrument 
been formulated, na neve ppeared ! priv ! 1 t \ 

s 1 \ I i l 

I} re eems to t ead I 
men iss better quatiihec Live re the reade! 


1 
] 


Since then, much progress has been made, but 
not vet authorized to publish the further results. W 
instructed, however, to remind our readers that the in 
tation still stands. Send your ideas to this office: the c] 


iIng-house 


FNS FRUMEN TS 
March 1937-——P () 
































MIDGET “MEGGER” | E x 
CIRCUIT TESTING In this department we strive to report each month ALL the new 
for measurement, inspection, testing, metering and automatic cont 
LARACTC ° . 2. 
OHMMETER the form of concise technical descriptions. 
When writing to manufacturers directly, please mention this departr 
g yi P p 
your source of information. 
Or write to Information Section, Instruments Publishing Company. 
Small Relays Small Air-operated Tempe: 
elays are ami edz “S¢ and Pressure Controll 
i 1 “werk 115 (1.¢ | ( ; 
, . SN de ees \ new non-indicating contro 
soit abbas wae a a * ” ; tive Wick R neve Controle 
ieee ae een i ; 24260, 1 housed in I | Phe 
Loz . nO 10 . ven : a oy merates on mr Pressure ot Ld 
I / : I salad : na throttling nore 
Ing ari ure 1 i . , 
YQ ( cali i ( trictio a nd sticking aks pomporatnns BL 
s indicating , - } range of 30 to 5O00°R.S pre 
M © n I lires m djust ri my . hy raduated rane f 
‘ s ve ba ha ee Ds./1n Where required, the ( 
for Tr st. The instru ' 1) ; " +] 
I t¢ th Megger ONCPOMCTS ar supplied With 
e | g g t tlexibility as l rt ith selection of 
emarkably accurate and 
\ i pt laboratory 
ble use tor checking coils 
s lings, circuits, re 
St itl resistance 
n Mounted in molded 
5 gree in lo Wy 
ri Bu j S()-] 
JAMES G. BIDDLE CO. mily to core of coil. R 
= _ —_—— ‘ ( I! | Cl 
ELECTRICAL A INSTRUMENTS | erate ithin preseribes 
171-13 Arcn Street “~~ Prirapecpnma, Pa. Oo ZZ Curre! ! 
3 Cot ive reat ‘ ire 
ul echea ih) 1 
( ( nT riveted ( 
bronze ing ( yu a fo 
vy | COLL ifter | ai " 
FOR | et “Series LL has mo ( 
ba hese ure draws 3 ts t 11 
Controlling Temperature of sap ag eon ever ght Anica | 
( rercitie up to L600 tt m-inductive Seacibsie sie sii aii asf 
| Tal he rer 1 a, 
OVENS WATER BATHS mud at 1M 60-cyele, — Guard gosto aler es | 
/ Ufa. ¢ Walnut St., Chicag ay ss ok 
LABORATORY INCUBATORS | ; ota beemperataihe, vaste 
f] eChaelfe rule } i 
. ° ida / {sl tt H / 
where extreme accuracy is essential ree ? 
Mercury Rectifier 
The New New “ype 2-1 4-6" interchangeable 
t bulb 0 tive me ratin a . . x 
ith other bulbs of the san us, tare Electric Counters 
‘ tro co entio 1 « rver build ce 
4i 4i jer \ me non-sag \ new line of electric ce ( 
= 4 tyre ) mel Ve digits in either the reset 
mee ed reset types, has been an cle 
or the ine Their construction is such 
=, these used in indus m the operating mechanism 
in ultra-sensitiy yet rugg f hy manuf regardless of what number 
rat Da rol el ¢ ce on a sp 2 ’ 
) ranges with ppe Ss 2-RA ! ee - 
am 100 EF. I rdjusta \nother fe eis the 
ing 75 ( vr 150 1 lepend ‘ae , er “i 
" 
g yn rT ith of tub ‘K 
f ] ( | \ NN -. ’ 
sI | ct ) | l 
} {) ( IS il? j ( 
OTHER FEATURES ‘ a 7 
ly d hanisn 1} ically 
() ic ( vy. | ad ret I const 
rr | ( ( l 1 i ( ed | 
1 Cle TC t el 
END FOR BULLETIN ‘ | ( eels dhe 
' | Ki hie rf er 
BURLING INSTRUMENT CO. QO Or sien wean , 
239-243 Springfield Ave., Newark, N. J ( 3 ‘ itt pp / \ 
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ine-kilowatt Rheostat 


ower rheostat, known as 


(. rated at 1000 watts, 12” in 


said to be capable of con 
ny types of loads forme rly 
require the button contact 
rheostat. Constructed of metal 
materials throughout, noth 


oke or char Resistance WIPre 


era horse shoe shaped poree 
on a porcelain bas 
t 


mounted 





ut, except contact surface, 1s 
ered with vitreous enamel and 
high temperature. l pon cool 
mel hardens, holds each turn. ot 
idly in place, and fuses entire 
into one integral unit. Shaft 
ine issembly is insulated from 
cuit by porcelain. Uniform con 
made on flat contact surface of 
OV means of a spring held con 
rm. fitted) with a universal-joint 
rine il rraphite contact shoe \ lric 


| 
steps il ill 


everal resistance 
thus making pressure on any one 
i¢ ible ()] i Vi / cee » 
/ / N/ (‘hiecaae / 


Solenoid Trip Gate Valve 


Phis ney solenoid trip gate valve is 
rily intended for use as an emer 
nd-by valve. Under normal con 

ms if will remain as manually” set, 





in event of an emergeneyv (which may 
« reacted back to valve either from loss 


current or from application of cur 
the solenoid will act, release the 

‘ irm and allow valve to close 
‘mong the applications are the follow 
(1) Valve inst ed in discharge of 
tor-driven gas blower, with solenoid 


mnected across motor terminals, so that 
case of loss of current to motor, valve 
ould and prevent flow of 

(2) Installed in steam, gas or other 


Close back 


ressure line with push buttons installed 


remote points 
Ifa. Co 


Ruaale s Wlinge mann 


Mass. 


co 
Salem, 


Three-inch Size Panel Type 


\ om 


Electrical Instruments 


w line of 3 


surftace-mounti 
ments includes an 
microammeters, 


meter \ ttweter ])-« inst rie 
if the permanel I net Nd 
tvpe. Magnet is removable for 
hromium alloy steel or of co oS 
ith ecurately machined sot l ) 
preces 5 1h¢ Core Is eround Oo 174 I 
fits Im eN center of It ! 
moving svstem h high ov oad tie 
tor Mloving \ rie n electrody1 rion 
ter movements of mstrument re 4 
rugged construction and WW ¢ ( Ul 
tion is lo Vane eC orede on 
Inagnetic materiab sara ) ve We eit 
hy steresis Toss The Hl leet 
f 7 / () 
Glass Electrode pH Meters 
New line of pH Flectrometers, for 
Trice uril a ith thre BS fIeCi ( 
nh fave ry ( labor ti ine] cle ‘ ( 
IST rUMIe! con i! 0 ad riety 
electrode ‘ rie hicl ecifiecally 
idapt the equipme o each of ric 
of industri pplication Model 3° j 
struments re portable eit co Hee 
ind intended for ld nad etory 
vell is. tabaor ory CTVECeE hem 
ciently rugeged to iWhstand 2 1 r 
Modifications Han direct readings bot] 
of pt and millivolts while er 
Redox electrode is) supplied it ( 
instruments for oxidation-reductior ar 
terminations Automatic temperature 
compensath nn Factorv-se led electrode 
require no attention from. the op ) 
ire small and sately housed in nl 
protecting rings. “Model 3° is eleetri \ 
iccurate to O.1L%, sensitive to ae ire 


. > ° 1! 
CHETHAICATIN 


Square 


voltmet 


( 





range 1s 


“Model 


use, powered 


ply 


pom er p i¢ | 


! 
thy 


“OuUY 


recuriate 


ft instruments are 
L1lO-volt 


from 


l l voltage 


ed to the instrument 


nect 
cable 
0-163 I 
c isily re 


pH scale 
ture compensator 
Klect ric il 
Inte 


my. 


higl 

low 

may 
, 


SO 


1 


( 


res 


ener 


be 


veman 


me... 


Il modifications 


nv. by Lomy 
id to 0.2 mv. 

ind also an 
for 


rnal 


istance me 
r\ 
used as a 
Electric 
Maywood, 1 


resistance 


f 


divisions 


\ 


} 


t} 


direct re 


HO-cvVcle 


or 


COMpensatine 


< separately mounted 


rou 


ir 


tutomaty 


pli 


ipplic itions 


curacy IS U.L%G 


oft 


ballistic 


ind con 


rh a loO-ft 
calibrated 
ind re 
idin 
tempera 


optiona 


Sensitivity 0.1 


lt 
ders this model particularly 


isurements 
Kither 


} 
a 


\ 


ohms ret 


iptable to 


ind othe 
model 
tnometer 


Vadi 


aAllty, 


ETRY 
METERS and CONTROL 


Boiler Meters 
ord 
integrate 
Steam FI 


from the boiler, 


Indicate, re« 
and 


OW 


record Air Flow 
supplied for 
combustion 
and record Flue 
Gas Tempera- 
ture. The use of 
this meter re- 
duces fuel cost. 





lessens main- 
tenance and outage, lowers standby cost 


and adds capacils 


Multi-Pointer Gages for indicatin 
drafts, pressures, differentials are available 
with any number of pointers from one to 
twelve. They are actuated by sturdy yet 


sensitive diaphragm units, 





Multi-Pe 


inter G 


Flow Meters. For indicating, record 
ing and integrating the flow of steam, feed 
water, compressed air and other fluids. 
Granular Material Meters 
bor 
the flow 


granular materials in 





accurately measurin 


of coal or other 


chutes 


gravity from over 
head bunkers. The total 
quantity of granular mia 


terial is shown on a large 
illuminated counter which 
id ata 


may be easily re 


distance of 50 feet. 


Control Systems. 
Make possible the every- 


Coal Meter 


day operation of equipment for steam 
seneration and utilization at test eflicien- 
cies. They are applied to the control of 
feed de- 


superheat and other factors. 


combustion, water, superheat, 


Complete Information on any of the above Bail 


furnished upon request 


BAILEY METER 
COMPANY 


1041 Ivanhoe Rd., Cleveland, Ohio 


products will be gladly 
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COCHRANE 
FLOW METERS 


fecurate — Sensitive — Rugged 








Adaptable to industrial service wherever the tiow of 
team, water or other liquids or gases is involved 
Cochrane Flow Meters are sturdily built and extremely 
sensitive to variations in flow 

Recorders of both the Electric and the Mechanical 
models are guarantecd accurate within one-half of one 
per cent of absolute under full load 

Cochrane Electric Flow Meters operate on the super- 
accurate galvanometer null principle. They may be in- 
stalled at any distance from the pipe line, facilitating 
central pancl grouping 


mplete information 


COCHRANE CORPORATION 


3120 North 1!7th Street 








Do you know 
your vacuum? 





Let the TRU-VAC gqauge tell 


. } stely— continuously. 
Records pressures from O0— 
| 10,000 microns. Invaluable in 
processes requiring dependable 
knowledge of vacuum condi- 
+) Ns 
' TV? 


Philadelphia, Pa. 





CONTINENTAL ELECTRIC CO 








Midget Cathode-Ray 
Oscillograph 


Recent deveiopment of the Py pe 913 
ithode-rav tube with one-inch screen 
nd vreatly reduced voltage requirement 
| made possible the design of nm ¢ 
tremely ( | ( rt ithoad I \ SC 


eve electri nd testin reature I 
rier Ve The ire miy 9 

( elohs Lo th Phi 
on lete it Phy rol 





controlled self-svnehronizin linear tin 
! iN] ene tor, mput mplifiers for 
both horizontal and ertical plates, ind 
power supply for operation from line 
volt ‘ Facilities re provided for 
tudy oft voltage ind current Waves, 
OWE factor, relav operation and thmine’, 


transient surges, ete “Model 105° may be 
deseribed in brief as a smaller replica of 
maker Model CRA see Justruments 
March, 1936, pawe 60; \pril, L936, pave 
112 Clough-Brenale ¢ EF We 


S/ (h ad / 


Signal Generator 


Claim for new “Model 120A" direct 
read y 115-volt 50-60 evele i~< operated 
signal generator is that it will attenuate 

S1gl to absolute zero without r-f 
( cr thus permitting ecurate sensi 
tivit measurements. Maximum output 
wl strengt has beer increased 





o for I t ee Ire 
pene e is fro | ( » 25 MM 
Pundametl { ri Vik 1 
rated di R ! To ( ( 
SOK it] { vel dio ton 
| ) ( ) ‘ Lut I l 
‘ I cireul \udio ( I 
‘ ( ( ) r ! ( 
l ( ( ( l 
‘ ero i el 7 fro 
l ) CCOTHRDILISHE? 
tel ic \ el Ne 
( ‘ OC 6 t Cl 
i 4 { I 
6 etitic ( 13 c ‘ 
‘ ‘ ‘ se 6 
det / tm) Vi 
| ] \ / 
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Core Porometer 
i¢ Instrument is tor ce 
osity of consolidated 
‘Iinciple depends on cory 


pare Space ot 





strument 


Wich is 


Cus} 


ce 
ton tra 
is used 
li LIs¢ 
been 
} 


Hirst cle 


ment in 


cup wit 
soa py 
correspe 
core Te 
core Sal 
the air 
on unt 
r'¢ ches 
eeve 
mat~ 


\ COTE 


Lirie ( 
determi 
1 | 
sults, ¢l 
Thipoic 


‘ co 


extracted 


consists of an air-ti 


ittached a piston for me 
ment volumes by measuri: 
vel. Height in I 
to determine reference pre 


capillar 


the bulk of the core, after 
ind dried prop 


termined by merceuryv al 


thre cup For this purypr 
ha small perforated lid 


cnometer The overflow 


mds to the bulk volume 


» determine ivailable pore 


mple is placed in contair 


compre ssed by the meteri 


il mercury in the ecapillar 

revterence mark Readi 
tT metering piston indicate 
of volumes of the sand 


] 
sample is not damaged | 


porosity test with this de 


‘ore sample mav be used for 


nations or, in case of doub 


eck runs may be made t 
Instrument ind al rece 


ned wi ion he ny ¢ 


Universal Condenser 


Replacements 


} 


univers rep remel 
rit " Vy capaci compl 
Ss { tire ire mall ¢ 
ere” and are d 
ec oofon ntir “Type B'l 
I | i ing three 
SSN 7 ( ( olt 
ecto Olt l ! 
C4 I ad jead co 
S16 fd 12-16 ] if 
\ ( t eq, aT 
Nn Vy be ny ed 
i Vhi rh i 
re j mo j 
Type ST-1 Phe 
BT-1,” | ree 15 oO 
nil ne) ead ( I 
CSE ¢ ) hie , 
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Core Permeameter 
instrument is designed to 
vermeablity of consolidated 

ns. Air of known temperature 


re is forced through a. core 





cnown cross-section and thick 
The flow of the air through the 
flowmeter 


ment consists of core holder A 


e is determined with 


eter B with thermometer) ind 
meter D with the necessary control 
| nd F Illustration shows 
‘ nit with two core holders and 
rs, hich can be used separately 
ether. Core sample first has all its 
eted, then 1s nounted in t ipered 
opper THT whieh fits snugly into 
cl der | which has same tape. 
er stopper) By means of mount 
d perforated plate K, core is 
ed ir-tight in holder \ short 
nipple projecting from mount J 
tft connection tor. the 11 
row owme+btel 8 Thre pel ry? 
l ( Ce x) lo i Ss 1 
nigh core sample to exhaust 
heric pressure Flowmeter Bo ouses 
enti principle, “metering plate” 
l erted in a ice opening ind held 
by sealing phi yy Stop-cocl \I 
Ss 1! flo ~ GI ibl s operator to pre 


Black & White Cathode-ray 
Tube Screen Materia! 


reason of increasin demand = o1 


} 
of experimenters, and bri 
ects. of COmMmMNerC televisior in 
future, there has been developed 
material for cathode-ray Tubes 
llows black na Hite ( a 
l \ oft spot l }) l \ Thie Ty Lie 
een but is obvior Vo miore INST iie 
Ne Dlact nad-white creel i 


thode-rav ti 
S-Il o 94-S-H respectively Tests h ( 
ace on ft ( rio ay Tor 
CCEDPLIO! 1 ed ry mod 
Ss have been made in them so th 
be used equally well in a cath 
v oscillograph or television recei 


et.—Allen B. DuMont La / 
Vontelair, N. J 


Cathode-ray Oscillograph 
‘Model 60 Oscilliscope” is i ( 
contained ready-to-use unit por 


rectly from 110-volt 60-evele supp! 


vertical mplitier mere es He ertl 
deflection SCNSITIVIES thro Ol 

udio \ Cl 1o-Tre |! cy e% 
rum. No ri unptifier is 
vided) withir instrumer 
deflection sensitivity being « rolled | 
that of the eathode-rav tube itself \ 
( sweep OT Hie Lrit Owe; Preque ( 














] } 
pples horiontal trrryve 


XIS a. 4 


requenes For other timing Frequencies 


l 


hn extern thing voltage may be 


” } Cor 
nected to the horizonta Input osts 
Both the horizontal nd vertical input 
circuits are provided ith vain controls 

hich control the deflection SeEDSITIVITN 
revardless of the position of the “Tor 
ontal Input” selector switel 1)-« 

wes mav be measured on the ert 
horizonta pistes ( thode-ray triby Is 
( l No, 913. 3 ! ded itl ros 
eculol U1 s ni screen. ¢ brated 
bitraryv unit P eT CONSUTpPTLO 3 

t I vise rotectior iD 1 s \I 

verte np sensitl er ine i 
her o1 l ( 1.s ! lifie ff, 
olts ( l S 1 ifie Z ‘ 
(1.4 Max vl l ryt SCHSITLVI ( 
Inch: 75 \ S nes or 2 
Inyo in eC a O elthe orl 
ertic i t . l evo Vani 
mun el sts, 40 ) Ct 
( 3 0 ( r R 

S ] f Va 
Thermometric Paints 
~evera ot The CHICTILE con 
| | chi ! ‘ if T ‘ ill ‘ 

el lire ! ere re bee I e re 

nat sen 1 ‘ losit ey 

rice LISé¢ ae | react y0 \ 
redien nme rel \ l 
of pau ily applied by 
drvi | 2A nd 
7 | Za | _«) | } 

Phere erie The ‘ 
naints ic ( ‘ i 
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ELECTRODYNAMOMETER 


PORTABLES 


A.C. AND D.C. ALL RANGES, ALL TYPES 


In acid-proof, morsture-proot shock 


proot, molded insulating cases 


UNIFORM SCALES, Knife-e 


ers, Ant-parallax mirrors 


ve 
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Temperature Control Unit Portable pH Meters 





“TL indbet Phrottli Gantrol” is dk Combining in one portable 
siptlines — hich i thre equipment necessary Por 
he used’ in connection with contro pil determination by electromet 
meme veil eile A aieercntdus as -~ ods, this new model of the Thwi 
rinciple definitely eliminate il] pH Meter contains in’ con 
mOSSIDLItTV of adriftting bove or belo the electrodes and the vessels na 
; distinct id neces rv for their use Cire 
sie aS . F : ing potentiometric, no current ber 
‘ , it Oper e( I the b l ot 
rving ‘ r rou re LOT ’ 
‘ ( 1 1 empelr re 
Loni Consists if i proportionin LIiVe 
reversible motor. Low lrniit 
ii l Kea Hie Upper ~~ te 
ol tie \ djusted by means of 


MOISTURE auail semseiha Aaen, dened tar tn 
Content by Drying 


nA r 





M from the electrodes Readings 
M rectly in pt units on an indi 
calibrated 47% dial. Seale is. reac 
1.02 pH. Galvanometer will st 
nary bumping around, yet is 
sensitive to “3 megohms.” No st 
\\ te | Lite itu zation or balancing is necessary 


re iding indications not being hee 


. , } changes in dry cell e.m.t No « 
contacts on th ontrol instrument. When = : 
Harry W. Dietert Co. ; } a “ oe connections Is necessary wher 











he temperature is in “neutral between : : : 
9330 Roselawn Avenue “7” and “Hi’). the ilve remains fixed relation of electrodes chang I 
Detroit, Michigan it the point set by the adjusting limit fo MINUS, double pole double 
vitch len per iture departure ibove or switch bemyg used to make the « 
ee Saticnl- sane Caled: smaneninii With quinhy drone electrodes | 
djustment of valve opening. Extent of useful range is 0 to 8 pH; 


mony electrodes (Fig. 3), 2 


Glass electrodes (Fig k) cover 


to 12.5 pil and are usable in 


SIMULTANEOUS OBSERVATION 
ALLOWS TRUE COMPARISON WITH 
THE DU MONT TYPE 150 


ELECTRONIC SWITCH 


nd reducing solutions as el 
solutions which would polson 
hvdrone or antimony. electrode 
minations are unaffected by co 


bidity of solution. Arrangement 











| 
this qdyustmer IS “aired \ port 
’ ( Tri eq rea "1 Cll ( re 
Y CTTLEV¢ orma If temper ure ce 
} rts) trom rrrntaity me oon the dy 
. i 
Wie 11 Col ( loses shuttin ot Fic. 2 t Fe, if 
thre ‘ s piv entirely dl \ thie rhe 
Ciraie loweri mr th POSITION ot the ( 
ustable limit swite When temperature trodes is such that temperature « 
returns to normality. zone, “HI” contact ordinarily negligible. New plt me 
ypens [htt SWITCh Ceases idjustment, ulable in two model : “Nod l’ 
allows na ‘ pens to tl new et posi IZeS simple potentiome+»rie cirel 
LOL Should emperature tend to drop, IS tTurnished ith either quinhydt 
innit switch nmediately moves to intimony electrodes or with both s« 
more pen position, extent of idjustment il 1 late r ad te, it becomes nece 
bei “in proportion to the time required use glass electrodes also, this mode 
for recovery.” On thre Ssul tion that the be converted into the vacuum-tube 
init 1 e opening to pre nt back “Model 2” | purpose vacuul 
is BPO%, mechani stop is placed vpe utilizes a simple potentior 
oint in the tra of tl id circu with vacuum-tube UTA P EL EL 
nent swite Belo this point the Works equally well with quinhy« 
heating rate is reduced if nec irv by ntimonyv or ss electrode I 
the “or ind off mio / lherg Ena with | three sets if desired T} 
ALLEN B. DU MONT Laboratories, Inc. e l Park Court, Ch {Ibert Instrument Cc ) J 
Valley Roa Upper Montclair, N. J l hove i idelphia, Pa 


























Meters with Pitot-static 
Heads 


line of air meters, draft gages, 
Iter gages is said to incorporate 
ves over earlier types, as well as 
Pitot-static head for use with the 
types. These new instruments 
ided with quick ind easy means 
eling. ‘The portable instrument 
rubber tubing and other fittings, 
bottle of spare oil, in case of 





= \ t at, 


type, is cont lined in a carrying 
Varlous types ind ranges are avail 
or velocity ranges as low as 400 
n. and is high as S000 ft./min. or 


mi or pressure ranges as low as 
if water up to 4” of water. A 
feature is the chromium plated, 


polished scale on the back of the 
ument, viewed through the trans 
Bakelite body. This polished scale 
ects an image of the liquid column, 
the reading of the instrument in use, 
fore, consists of merely lining up 
ictual liquid column, the graduated 
which has a zero adjustment fea 

e), and the reflected image of the 
id column which appears to be be 
the seale. Parallax errors are com 
ely eliminated. The new Pitot-static 
d, for use either with the new instru 
ent deseribed above or with other in 
ments designed for similar purposes, 
id to be of such a form that it is 
ible to obtain accurate results even 
it is held in such a way that the air 

m is coming from a direction as 
h as 15° from any side of the center 
e of the head. Since an opening only 


1 diameter is required into ducts, 
sings, ete., for its insertion, velocity 
dings are obtained where an anemo 
could not be utilized. Julien P 
ye s, Tine Baltimore Mad 


Gravimetric Liquid Meter 
Ne irge type of “Duplex Liquid 
e” Vas developed especi lly for 
ivhing oils, gasoline and other flamma 
iquids is these liquids are delivered 
een a carrier and storage. Operation 


+ 


con 


inuous and automatic. Explosion 


roof motors and electrical controls. In 


ent of power failure, system can be 
erated m chanically, without delaying 
erations. Guaranteed accuracy is a 
1% \ssembly consists of two scales 
unted on a common frame and elec 
cally ind mechanically interlocked 
ith both the inlet and discharge tanks 
terconnected Liquid is pumped or de- 
ered to inlet tanks from thense flows 
gravity first to one weighing tank 

{ then to the other weighing tank 
lle one weighing tank receives liquid 
its weighing, the other is draining. 
n completion of a weighing in either 
gh tank, inlet valve closes and dis 
ge valve opens and weighed liquid 
by gravity to lower discharge-re 
ing tanks. From these last units the 
id is pumped continuously from the 
or is allowed to flow by. gravity 
ire never fully emptied, remain 
quid forming a cushion through 
ich flow enters at bottom inlets. All 





ire connected to a common venting svs 
tem but in actual operation this system 
seldom has to open since operation is 


itmosphe ric pressure without fluctuation 


In addition to the six main tanks there is 
\ separate emergency overflow tant 
Which connects into the upper tier, pro 
vides collecting capacity sufficient to al 


low time for shutting off the seale sup 
ply The senale illustrated has a weighing 
capacity of 5,000 ko. in each weigh 
ind oan hourly capacity of 750 tons 
Others, for sugar juice, milk of lime, 
water, ete., and without the speci il va 
por-contining ind explosion proot tea 
tures, are built in sizes from LOO Tbs. to 
3,000 Ibs. unit capacities with hourly ¢ 
pacities from %& tons up to 250 tons 
Richards: Secale . Clifton, N. J 


Diaphragm-seal Gage 
For use on VISCOUS liquids such i 
paint, lacque r.4 ir products, plastics, ete 
where ordinary Bourdon gage will clog 
ind for measuring pressure oft corrosive 


fluids or vapors Also for indicating 





liquid evel. Combines a Bourdor 
ind a diaphragm housing, the whole svs 
tem being filled with non-freezing 


non-compressible liquid Pressure applied 


to diaphragm causes liquid to oper 
Bourdon tube. Diaphragm unit can be 
opened for cleaning Available in 
sizes 2” to 16” inclusive, with dial re 
ings from 0-15 Ibs. /in to 0-10 

in.-; also for liquid tevel from 0-30 ft 
higher. On service here mstrument 
be subjected to consid Die it 

i hea duty movemer is Im 

for service o1 ) sating re l ( 
dutv movement and ne “Inter P 
tion Dampener” (patent pendin 

P. Marsh Corp South) 


(Chicago. | 








A 
COMPLETE 
MEASUREMENT 
and 
CONTROL 
SERVICE 
Republic Flow Meters Co. offers a 
complete engineering and manufac 
turing service in the field of meas 
urement and control. We will be 
glad to cooperate with you in the 
solution of any metering or control 
problem, whether it involves a sin- 


gle instrument or complete equip 


ment for an entire process or plant 


ELECTRICAL FLOW METERS 
MECHANICAL FLOW METERS 
CO» METERS 


DRAFT and 
PRESSURE INSTRUMENTS 


THERMOMETERS 


LIQUID LEVEI 
INSTRUMENTS 


MULTIPLE READING 
INSTRUMENTS 


MASTER PANEL BOARDS 


COMBUSTION 
CONTROL SYSTEMS 


REGULATORS 
REGULATING VALVES 


DESUPERHEATERS 


We will be glad to send vou Data 


j 


) ] 
Books giving complete descriptions 





on any of the above equipment 

1 i 
Your inquiries involve no obligation 
on your part | 


REPUBLIC 
FLOW METERS CO. 














tomic Structure in relation to Hardne 


By S. R. WILLIAMS 


Professor of Physics, Amherst Colleg« 








“TORICA 
\\ t theo u study of elementary 
tort rs iv Was taught hat h atoms 
\ I ro ito the structu ort s lids, liquids ind Gases 
ve! i elast part son thing like tiny balls 
\ “ 1 Trad the name atom was put 
) lerived fro 1 Greek word which means in 
j | 
| lis irve of electricity through @ases. radioactiy 
rascopl ( idence magne ind electric pli 
ne i these contribute now to the point of view 
ifom Is a mpl x structure i structure whose 
! tectural design we are just beginning to ippreciate 
nad iv v understand. The references in the preced 
t will form a beginning for those who mav_ be 
| nderstanding a little of the long story by 
\ \“\ ire Informed of. thi pore sent day concepts ol 
t which have so important a bearing on 
1 il 1 
WHAT IS AN ATOM 
()r no answer this qu 1 lo just that extent to 
\ mes knowledge concerning the atom goes. What 
in orang An accumulation of knowledge concerning 
ng ssential for th inswer to this question 
()) i s dian erin various directions an 
The author hereby absolves the editor from all re 
| sponsibility for the use of the word wegatron in this 
cle. The word is used as suggested by R. A. Millikan 
e a ation printed on the next page S.R.W 
| 
y could obtain 1 ISS | 
| nowledy saving ft i n 
“\ nee-Colores phere | r Zou 
nd whos verage diame r was S.o centimeters 
\| ) ‘\ ! ft ( yt uid i ) rane Bi 
\ t open and we ex ned the contents insid 
nm surrounding: ¢t | \ ements. When we d 
range W irn mo tbout it than bv any 


\ 1c ito Ih mre we have been able to 

to » its constituent parts thre nore hay 

1 tas to how mnplicated s structure becomes 

prog s tro t pilest a n of hvdi wren 

mY s les IZ nents to arrive if ra 

t st mnplex of al Atom-smashing has now 

t greatest indoor sport in the world. ranging 

t vd | ) } Oo.) mm cevVvelotron of | iwrence 

1 nestor it th | sItN f California to th 

( ) it hin ) Van de Graatl it thre 

ts Institut | nology Th itter is th 

flues i ! . to work on a new problem in 

rating voltages » ft 7.000.000 volts and 

! tain ) ‘ ito! smnashin 

{ I 1 t q V.in gt ro 
NSTRUMENTS 


, , 
less de yree that by their means one is able to h 


particles of what we call matter at enormous speed 
when such a high-speed particle hits an atom a s 
head-on blow, something happens: an atom is 
into some of its constituent parts, whose diar 
masses, and electrical charge values m 1\ then be 
ured. 

Thess parts of an atom, some of them observ: 
in the discharge ot electricity through gases, ot 
naturally radioactive bodies and now in the new 
cesses ot itom smashing, h ive come to be recogn 


quite distinet parts of our universe; and atomic s| 
for them. 


must in some way account 


Phe quickest way in which to see how these \ 


particles enter into the the atom is 
ifter the 


ceeds from hydrogen to uranium 


Structure ot 


sic r the itoms of One element othe ras on 


In the hydrogen 


° 
\ 
N x 
) 
. (—)Negatron 
¥ 


Fig. 20. 


proton, the 


Che constituent parts of the hydrogen atom ars 
positive nucleus, and one negatron, the nega 
harged particle which determines its chemical properties. 


we start from the picture given by Rutherford, t 
has two part i nucleus and a negatively charged 
ticle attached to the nucleus in some way or other. > 
Fie, 20. The nucleus of the hydrogen atom is a posit 


, > B- bay + 
mass is about 1835 times 


he negative ly charged particle 


same value of electric charge which Millikan” foun 


Both partic les ¢ urn’ 


ectrostath 


O.005 10 t 


' 
observations on this magnitude. with 1 


nen in the method used in measuring the viscos 
! ive the elementary « large a value ol bk. SOL 
O.004 ) ectrostath unit which brings 
i] Into bet wccord w I thos found ty\ 











ive 





he nucleus of the hydrogen atom has been given 
me proton and to the negatively charged particle 
panying it, Millikan suggests that the term nega 
applied. In the early days of atom smashing 
1932—it was supposed that these two entities con 
1 the two building stones from which all atoms 


, 


be constructed, but on the night of August 2, 1952, 
son. working in Millikan’s laboratory, realized 
, study of a cosmic ray photograph taken in the 
oon of the same day, that in this photograph he 
yositive evidence that another entity (another child 
ween added to the electron family. So long as only a 
ind a girl exists in the Smith family it is not dit 
t to distinguish between the two, but since Ander 
epochal discovery other definite particles of matter 
heen discovered among the wreckage of atoms and 
n the Smith family possesses two or more boys and 
yx more girls it will help in keeping their identity 
eht if they are named specifically, John, Jim, M ry, 
e, ete. The name positron has been given to the par 
discovered by Anderson on August 2, 1952. It was 
f the pieces left over in the smashing of an atom 
1, therefore, must have been a part of it originally. 
irries a mass equal to that of the negatron, but posi 
ly charged with a quantity of electricity equal to 
of the negatron, that is to say (4.800 ~ 0.004 
10” electrostatic unit. 
\t this point it would be quite in order to quote from 
Millikan’s recent book* the following footnote: “'T'o r 
ve the ambiguity in the definition of the term ‘elec 
tron’ existing at the present time because of the double 
sense in which it is used in the literature, namely, to 
lenote on the one-hand—as for example in the uni 
ersally used expression electron volts—the magnitude 
the elementary quantity of electric charge, and on thi 
ther hand, the name of the particle of a particular 
lass, the terms ‘negatron’ and ‘positron’ are here used 
hese terms are used merely as convenient contractions 
for the fully descriptive particle designations, ‘free neg 
itive electron’ and ‘free positive electron. The term 
lectron then retains its historical, derivative. and logi 
il meaning as the name of the elementary unit of 
harge, and the present ambiguity no longer remains. 
lhe author understands by this statement that a dis 
tinguished authority on the electron theory of matter is 
saying that we should be specific in naming these par 
les which are the product of atomic disintegration. ‘To 
hat particle which has a mass of 1 1835 of that of 
proton and carries a positive charge of b. SOO 
O04 10 electrostatic unit, we have given the 
ime, positron. Why should we not be logical and call 
definite entity of matter a negatron whose mass is 
al to that of the positron and carries a negative 
large of t.8O00 — 0.004) 10 electrostatic unit? 
such a procedure would kee p us from the ambiguities in 
vhich so much of the present literature is engulfed and 
Ip those brought up on an older terminology to keep 
present clearly in mind. The author also speaks from 
experience of trying to teach undergraduates in col 
ges and helping them keep the numerous cataclysmic 
ducts straight in their minds. 


By a series of brilliant discoveries in three different 


untries, a fourth member of the familv of parts les to 
found in the wreckage of atoms was discovered. Bothe 
nd Becker’ at Giesen, Germany. found radiations fron 


' 11; 
rvilium, when bombarded by alpha rays of polonium. 


which were several times more penetrating than the m 

energetic gamma rays of ThC”. In repeating these ex 
periments, the Joliots” in Paris obtained other evidence 
that this was not an ordinary transfer of momentum, or 


else there was a violation of the laws of momentum ind 


energy which had previously existed. Chadwick,’ in the 
“mother laboratory of physies.’ the Cavendish Labora 
tory, pointed out that this ditheulty could be overcome by 


saving that a particle without any charge but possessing 


the mass of a proton could bring abou 


_ 


served in Germany am 


set-up Chadwick presented evidence that w 
Lipa particles Trom polonium struck t ioms ot 

} , ] 
Vilium, there were knocked out of the nuel rf 
} ] + ] ; 
bervllium atoms particles whose unit ISS Was equa 
that of a proton, but nol carrving any apparent cha 


These particles were called neutrons: devoid ot 


trical charges 


Finally, Bainbridge of Harvard University ela 
experimental evidence for another particle whose mas 
is that of either the negatron or the positron, but ilso 
devoid of an eleetric chara Phis) particl is) been 
named the neutrino. 

Search has been and is also being made tor a sixth 
member of the electron family, namely, a particle who 
mass is that of the proton or of the neutron, but carry 
ing a negative electric charge of the same magnitude a 
the negatron, the positron and the proton. ‘To it: might 


be given the name anetron! If the latter particle is found 


there wall be two triple sin the wreckage of atoms 


charge charge No chara 
Equal Mass Proton Neutron 
Equal Mass Positron Negatron Neutrino 


It should he emphasized that all the charged parte les 


carry electric charges of the same order of magnitude 


Darrow has defined an atom as 1 constellation of 
negative electrons, organized and held together by the 
ittraction of a positive charge esconced upon a nucl 
which is the center of the constellation and is many 
times more massive than all the eleetrons pul together 


Just where shall we put all the particles listed above 
In 1932, Urey and Murphy of Columbia University 
discovered lhe ivy hydrogen whose atom had a mass ab 


twice that of ordinary hvdrogen. This heavy hydrogen 


called deuterium ind ILS nucle i> is 4 tlled thre de iteron 
similar to protium, the name for ligl vVdrogen \ 
nucleus is called the proton While the deuteron is on 
of the parts in the wreckage of an atom, ne 
is assumed that it consists of one proton ind one 
Outside thre nucle us there le volve S One negatron 
in the case of the light hvdrog n atom prot ( 
ically and spectroscopically. protiu ind deuten 
quite similar because thi xtra-n ear neg 
what determine the chemical and spr roscop ye 
ies of the elements 

Still a third and tom of hvdrogen 
discovered whose iss s about hres 1} that 
tium. Its nucleus ) 1 to . 
tw re rons witl ) n 

) nd Nn th \ vd ! ) 








( ; rested f ap mecerning tl held. If the tield in the solenoid was reversed, 











nT t ! ym that i might be thought of as a small m ignets t irned themselves over and pointe 
yoton and a negatron. ko verse dire 1 
ope ot this work it would ippeal It will be seen at one that this « xperiment r 
» a ! | neutron as prea I | stion 5 » the chara er of the elementar 
t i larg irned over in the process of magnetization What 
! \ L v vVadrogen in the scl Var Vz | ntary magnet It rie holds i permanent 
\ + t to ti thea ) Wit the nol pole In the rig hand ind the so 
vict De ne tw n {t ind. what will happen if the mag 
1 two t son ( ind with tw in twor Will th orth pole alone rema ‘ 
Y { s. The s of h ni ght hand and the south pole in the let | 
: vn | , oO | ilpotac <noOWS it i iking a magnet in two produces tw 
piet bar magnets, the sum ot whose length 
| lrogen wit eX nu r negatron was qual to the original bar. However, in a thought } 

1 n thy { 1. Helium with two negwatron me could go on breaking each piece of the broke 
tside t nue s has t ito number, 2. Fo ich net into smaller and smaller pieces until finally on 
9 1 ; itsid nucleus the atom Ol to a section which on breaking in two is no 

- int N s reached with ic nplete Inagnet What is that particle which d 
: . ns and = mic nu \ d two m ignets on bre aking it in two? Let 1S, 
present, call this particle the magneton. 
l —, the next clement If the iron atom has negatrons revolving a 
\\ vatron side the nucleus l like the planets about the sun, then thes 
ass is about s ne nevgatron would be like he coils of a d’A 
at , val t in which a direct current is flowin 
= 5 Stil .onathes both would swing with the planes in which the 
) etn she numb ' bare e moving at right angles to the magn 
’ tron has beet in which they tind themselves. If an atom of iron 
{ | ito thout sever bal, e Comptons reasoned, then the Laue figurs 
) vad oo] Int s fashion one may be dilte nt when the iron was magnetized from w 
' . ents until one oe l when he iron is ine the inmagnetized cond 
her 92. indicating that cause if the iton is a Whole turned there should 
, , s and since its mass is difference in the dittraction patte rn due to the cha 
ge 4 , by oe olit vdrogen pws nust be 1° distances between the centers of the atoms 
? . 2 , S No. ditterence in th Laue heures could be de 
. noted that several] ements wer when the iron was magnetized to saturation as co 
' ro We} same but id with the unmagnetized state. The experiment, th 
. ; ns in e nucleus over ed to the point of view that what turned over 
0 t n the series. Such ele process OF magne ization were the extra-nuclea 
d isoton Chus in 4 three hydrogens ‘ons which, as spinning tops (gyroscopes) ga 
lifti tw t 7 ) i mber of renetic effects observed in iron when it is magi 
t nt s. Prot has not anv. deuteriun Phe second experiment was, however, more cor 
t vad wen = wo. bu I ingly In tavor ol hie point of view tha fe on 
' y) ) proton and one negatron S] nq on ther nN res were the monetons, a 
| t ques » | Lised is. where do the n the orbital movemen ft the negatrons as postulat 
1 | Sitrons fit into the picture of the atom? Bohr. If the negatrons had been revolving abo 
| , reso iis point. Is th proton a THULe of the iron atoms, as was pictured Ly Bo 
' eee" nal nositron? Can the neu the planes of these orbits had been turned in the 
i gatron be made.to unite? If so the an the iron, then a change in the intensity of the rad 
A i\ 7 scovered. These are questions of X ravs from an iron target bombarded by neg 
1 to ha ) xperimental confirmation should have resulted whenever the iron was magnet 
ir that we do not fully understand th or demagnetized. No effect could be observed in th 
| on ot t toms periment. Both experiments, therefore, led to the p 
sition that the magneton is a negatron spinning 
rill ATOM VIEWED MAGNETICALLY own AXIS like , gvroscopt 
I a) \ ton ind their associates made While these experiments do not preclude the o 
I sting exp nents on the nature of the pro negatrons from our picture of the atom. it certa 
. ignetization and, therefore, threw added ligh makes them less necessary for our picture; which 
{ precy f atomic structure. The first experiment score in tavor ot the chemist’s picture given hy | 
vas ! ned with the Laue figures which were de muir, who thought of the negatrons as fixed in space W 
nt preceain il le The question raised Wis, respect to the nucl us of thre itom. However. it s! 
\\ 1 Laue figures from iron crystals be affected by be stated that spectroscopic evidence rather calls 
netizing the piece of iron used as a crystal grating? orbital negatrons. 

ly ignetizing a bar of iron by placing it in a solenoid The Barnetts ilso performed an experiment w 

{ v W i direct current flows, it was assumed fits into the picture made by the Comptons, If th 
{ taint process something like small magnets turned netons in iron are negatrons spinning on their own 
Wel nd atened CIs S parallel to the magnetizing like gvrostats, then they should behave like gevro 

' This is what the Barnetts found to be the case: 1] 
( \ TI NI Te | iH \ R — M 
\ . ¢ S vy | : +} \ 
\ ’ \ l M M \ 
\ 








1 a lone cvlinder of iron in a space free of all 


il neutrons to protons, whi ire manv times create. 
e fields and discovered that the bar of iron be the calculated gravitational. electric al or magnetic for 
magnet. When they reversed the direction of would be. Wood wnetized a large n St 4 ed 
n. the direction of magnetization was also. re balls to form permanent magnets. These were floate 
just as one would expect’ Trom such a group ol on the surface of a dis f in) k the need] 
s. as this is the principle on which the gyro stuck in corks and wn | 2 are floated on tl 
ss acts when it sets its axis of spin parallel to the rfc f a dish of water. On bringing the north po 
rotation of the earth and thus always points of a bar magnet near these flo ball aie - 
the so }) ) \ i t ned tow t 
‘ +] 


the standpoint of atomic structure, from the 


egarding magnetization, and from the relation 
n hardness and magnetization, these experiments 
Comptons and the Barnetts appear as highly im 


ind illuminating suggestions as to what goes on 


nm when it is magnetized. 
Che preceding experiments portrayed more partic 
i plivsicist’s conc pt of the atom Phe chemist 


the need of an atom in which the negatrons 
d put” in their relations to the nucleus. This idea 





Fig. FPR \ study of the arrangement of extra-nuclear nega 


trons may be made with needles stuck in corks and floated 


water. 


on 
Che bar of the magnet preducing the field is shown above 
the needles. 





mar magne Under the itiraction I he Da wy} 
ind the mutual repulsions of the poles of t] 
tlre balls irrange themselves in veometrical fe 
hown in Fig. 21 In a solid aggregat ) ) 
vould be necessary to consider the geomett ' | 
hown in Fig. 21. as being applied to thn fin . 
space At best this is only a crud picture : a 
of the inne pa I n alo In add mm t 
trical and magnetic forces. there is. st t ) 
eravitv acting as another factor in holding tog 
Fig. 21. One end of a bar magnet is brought up under a as x sp steaiieaill cacti cal ; 
plate of glass. The steel balls arrange themselves in symmetrical ee Pee Oe rae Sey Oe ee Oe ss 


lesign under the influence of the magnetic field. The large ball 
epresents the nucleus and the smaller balls the negatrons, the PHE LEWIS-LANGMUIR CONCEPTION OF THE ATON 
xtra-nuclear negatrons of an atom. This equilibrium figure may 


represent an atom of nitrogen, atomic number 7 ; 
5 Perhaps the most helpful t ry int ne 
irrangement of the extra-nuclear leetror ! 
sometimes referred to as the static electron cones pt. is the idea of shells of negatrons. Lewis 1 neg 
lhe outstanding picture has been given by Langmuir nur have been parc iri Ctive Im a D - 
d is reviewed here because it has been valuable in theory, which shows new relations between 
lping us to recognize many relations and properties ot that had not been previously suspected. Lang 
hemical substances which we would not have observed <ented the idea that the extra nuclear o 
without Lanemuir’s help. It is interesting to note that trons are at the corners of a series of 
spinning negatron idea Sug@ested by the ¢ omptons Is surrounding the nuclei of the LCOS | 
not inconsistent with the fixed negatron of the chemist. cubes are called the K, L, M,N, O, ’ 
Before taking up the Langmuir model of the atom, proceeds from the innermos One: SRE 
‘tice should be called to some equilibrium figures by trons at the various corners of the shells . 
Wood." Figs. 21 and 22 indicate some modifications of of as the spinning gyroscopes already s —_—— \ 
ie figures. They show how by a combination of magnetic of any periodic table of the elements dis 
orces at least these figures of equilibrium may be estab factor 8 plays an i Abe sae nt oe : 
hed and thus suggest possible atomic equilibrium ad after the start, where the ——- * , 
istments between the nucleus of the atom and its satel shell), When an er sichiehiot 
tes. Bethe, of Cornell University, has just announced shell occupied by va ence Begeroes, hs , 
hat there are forces within the nucleus of the atom fied and is a chemically ina 
which hold protons to protons, neutrons to neutrons, and muir has shown (see g. 20) " = 
[. Langmu Th \ g of | tr S \to M ( N 
s ury mer hen Ss Vol. 4 ( ~ 
R. W. Wood. Equilibs ‘ \ os 
SYS, pages l¢ 164 








Cathode-ray Oscillograph Applicatioi 


( ‘) \ 


By RALPH R. BATCHER 


Radio engineer; cathode-ray and electronic application specialist, Hollis, L. I., N. Y. 


\l TOM TIN | Th Ss Is CU1LVE d each time one oft the evlinde rs fire Ss. Or a} 


lar spark plug can be tested by connecting to t) ’ 


IGNITION STUDIES 
to that plug. The capacity currents through the 


\ cathode ray tube can be used effectively in connec 5 : 
mm with seve. i] pt byte 1s connected with utomotive in insulation sit suthei nt to i the — ead de " 
nection tests. Of these «a common proble m is that con without unplification, if the foil area is sufhcienth 
rned with ignition An ignition coil discharge is not 2. Connect directly to the spark plug und 
thy mple phenomenon that is usually assumed: oscillo through a high resistance (say ten to twenty meg 
pra will show many complex s ges which may have and to ground. The plates themselves should be s 
Ph ch to do with the problem at hand, that of with a variable resistance having a value of 
eniting the gaseous mixture. but which contribute much 50,000 ohms maximum, to permit control of th 
» initiating radio wave disturbances. In the usual coil tion unplitude. 
| on, a larg If-capacitance is inevitable with the 3. A magnetic pick-up coil can be placed n 
mdarv winding which. being pe riodic illy charged ignition coil 
wit i high voltage, discharges with a highly damped Bach of these connection arrangements prod 
ro Phis surge, useless insofar as th production Ot i ditterent tvpe ol oscillogram. All should be tri: 
lot spark is concerned, is capable of shock-exciting the order to select the one that gives the best indicat 
ittached circuits into oscillations of an extremely high the effect under investigation. The first method s 
requency. Other problems in this field have to do with the high-frequency highly-damped wave that occ 
the study of optimum ignition characteristics at high the beginning of the spark interval. Method 2 us 
ngine speeds. An extremely short interval of time for shows some of this effect and in addition indica 
ilding up the magnetic field in the coil is pertorce duration of the spark. 


| 
7 ee ee: ae 1] career a : 
vailable at such speeds, especially in cars with eight on Che effectiveness of the primary condenser capa 
] 


ore Cy lind: rs lyre ake 4 point cle arance, re lative ethcic nev of cols. 


hes o t ] S r +} , . . : } 
Vhese ignition problems are within the scope of a radio interference suppressors, ete., is immediately 


ilies tal ces thy, : o] | ee r : ; ‘ ; 
nodern high-voltage cathode ray oscillograph. Voltages parent with these set-ups. Synchronization of th 


n excess of several kilovolts are required in order to charges in dual ignition circuits, or where two set 


rer P , 1 es eae ant ata ene 
lisclose ad quately the duration and extent of the surge breaker points are found. can be visuallv indicated 
: : 


nvolved, by reason of their high transverse speed ACTOSS well 


he screen, 4h j 
These test can all be made with ordinary comm: 
In most tests it is necessary to svnehronize the hori . as 
. . oscillographs although some sort of recording can 

zontal deflection with engine revolutions. A linear sweep ; 

mav be desirable for research work. In certain instan 
scillator interlocked with pulses from the ignition coil : : : 
however, the use of staged tests mav be desirable. | 
primary circuit can be used if a direct mechanically . 


controlled indicator cannot be applied. These svynchron 


example in the matter of ignition coil efficiency a co 
spark plug and a motor-driven shaft carrying the bre 
Ises can be obtained either from an electromag ; 
arm can be mounted on a bench, with provision on 
placed near one end of the ignition coil. or from ) 
shaft to svnchronize the time base of the oscillogr 
( ids connected ACTOSS the bore ake r point conde nser. In 


ither case the polarity of the received pulses can be 


} 


Many variations of this type of test can be made 


short time: two types of coils can be compared, opt 
d so that the desired portion ot the surges ap y 


condenser capacity détermined, gap length varia 


, , 
pears centrally on the oscillogram 


nimany oscillographs the effectiveness and idaptabil 


v of the interlock control is sufficiently accurate for the 


SW ptot riggere d off eve r\ fourth, sixth or eighth 

Ise or as required for the engine being tested). Other 
wise ft S arrangement will five one swee p for ¢ ach firing 
nter This latter arrangement is particularly useful 


or showing up variations between evlinders, as all os 
ns are superposed and significant differences art 
1 t V apparent 


nt tin? +] } } | 
{ o TRS ) w high-tension circuit can be made in 





wrapped around a section of the high 
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Spark 





ibles. 


vACTUN discharge takes place in the 


yroduction of 


ency damped Wave 


latively small and constant value which lasts as long 


ve the main spark 


vzing the oscillograms tha 


1] ° 
sually considered as causing no ignition losses, 


not the case with some types. The radio dist 


tards the popularity of radio ree plion on many si 


under the conditions of various cylinder pres 


ter 
LC, 


ew of the problems associated with the satisfae 


yntrol of ignition characteristics in the case of 


eed engines, even small improvements in coil 
m may contribute major gains in efheiency. That 
n coil design is complicated by many factors has 


to be realized—and this research-mindedness means 


vreater strides will now be made in the deve lopma nt 


iximum efficiency at high speeds with minimum 


interterence. Some ot these factors are 


he higher speeds of a modern car the primary 
nt may never build up to its full value. The dura 
f the spark, depending entirely upon the circuit 


tants, may extend greatly bevond the useful period 
is the time required for the gas to become fully 


d. ‘Uhe while the 


ry current is flowing. so that maximum inductance 


secondary is usually unloaded 


s in the primary during this interval. At the be 


secondary is. still 


f the spark the 


ning ¢ Crit 














Shiny 


eB gag 
EY ioe WR 


Fig. 2 


Cpt tor the capacity ol thre secondary 
When secondary current starts to flow, this « 
form of a high-tre 
ionized gas across t 


load 


until the 
gap reduces the secondary resistance to 
] 


spark continues. The capacity surge that occurs be 
starts contributes most toward t! 


radio interference and least 


ising the ignition properties of the spark 


Thus it is seen that the problem presents many as 
cts that can be analyzed with an oscillograph, and the 
ove-mentioned effects are listed here to assist in an 


mav result. 


\ itomobile 


spark plug interference 
} } 
Ou 


+ 


ver installed in the same car. but cause 
| 


other receivers manv hundreds of feet awav. whi 


channels 


unloaded, 


winding ind 


thy 


toward 1 


suppressors ir 


Iroance 


ire so produced not only spoil reception on a re 


interference 





AMPLIFIER. 


. ence ett 


a 


utilizing a radio receiver as the obvious n 
up and amplifying ignition surges for oscillographic 
study, in connection with engine tune up As stated be 
fore, the amplitude of the ignition interference as picked 
up by such a receiver does not indicate the charact 
tics of thre surg that produce s ignition, but neverthe 
the time interval between successive pulses is co 
delineated which Is al] that is. ¥ quired ror sol 
If the time base is operating synchronously ( 
readily ascertained if these pulses are eq ly 
ind, when two sets of breaket pont yperate it 
whether there is the prop t il | “ ! 
PRESSUI INDICATORS 
\ solution to th prob] i n tie ot op 
time curves In compression and coml ion id 
SC] lographic methods n 1d iken 
of investigators. In gen t s test con 
ipypru ition of a press rn r Mos 1 
crib d rey thie J Tht 1% 0 t i part 
der. and its connection throug in amplifier t 
tical deflection system. Horizontal deflection poter 
ine obt Lite i moa Andie 5 r to ho “ 
ibove-deseribed ignition tests. A INE 
i pressure converter sim 1] In principle to Wi 
Fig. 5 of the June, 1936, instalmen s shown in o 
It is a part of the Zeiss-Ikon (G nan rt net 
vstem ind is shown with a standard sp 
comparison Fic. 2 shows wo views of. th 
oscillograph of this SVslt i | | r { t 
i visual or a photographic an SIS. re 
tachment pre-focused ) can ( ky wer 
tion. \ ro iting” \ st | v ) t 
INSTRU M 





Ws very 


48 


CABLE 


trouble. 





Orores 


however, sugg 


+} 
Lilt 


} 
weans OF PICcKIng 
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= 
RESISTANCE WIRE 


iethod 











j t » the crankshaft to produce the hori 
etl mn” [his ipparatus has a care fully bal 
ing element to msure smooth ope ration at 
1, and mechanical wear is localized on a re 
oft-metal contact pin on the rotating arm ti 
wear on th resistance Wit element. Fig r 
viring svst I Lhe W ole The ( ot this re st 
( nN rotate d ‘ | IV iby » COTTE? fo. 
il displacement due to connections \ surge 
s { st | vu | ) onnect he output ot 
} f } 
+ + = =; 
> > = 
| SV) = fh 4 
= al * ? ‘ 
‘ ‘ 
re 
~~) 
4 fA <mm 
: <= 
(2 ry) 
\ 
ri 
Fig. 4 
Fig. 6 
or ct ¢ converte. ot le He« On sVste l I his 
ris no niik iat Shown in Fig. 49 of the May 
rticl xcept that a different type of input ts 
ny { he g rtz ytat quart represen 
tvpes of piezoelectric crystals, and is gen 
‘ | nn Les ipplic LIONS OF iccoun I t iil t\ 
ind crushin Dress S IS properly cu with 
to th iX ) ! rinal ( vstal hh nary 
cars on its I CS oS tal imes d ctiv pr por 
1) mess If hh pre sur Varies hie charg 
ording If 1 is no path provided 
S ( irge can leak away, th potential differ 
“ nthe two faces will be inversely proporti mal 
vacity of th lemen considered as a small 
| etric fixed capacitor. If any external ca 
mnected in parallel with the piezo el 
potential difference is of course reduced. In 
ng an amplifier to any type of piezoelectric con 
herefore, it is necessary to ivoid iny resistance 
possible Chere will be some leakage loss across 
n tub tself especially 11 ordinary receiving 
eS ar ised, and in addition it will tally be 
to provide in external erid leak. to prevent 
from collecting a charge due to its own operat 
tT pot ntials 
gat S I sually applied on ) 
following xpedi ts in setting ) 11S 


a special low grid current amplifi 
FP 54 (G.E.Co.) or the RJ 
Wi stinghouss ] amp Ab. 





550 and R 


} ] 
Such) as Tile 


of a standard tube with low anode po 


t 


N erid Input resistance 10 meg 


s Use of a large shunting « pacity cross the 


loading: effect; 


PITLITIVIZ¢ ( 
tk. Use of tetrode or pentode tube input stag 
’ 
nected as a space-charge amplifier with a_ hig 
resi nes 


Ry 550-45 


Piezo z5 fo 
OQ MEGoHMS sy 
UNIT — 

C a os +i 


TS ini 


5 Bras” Ceucs 


To RE Sis 
CovPLeD 


Ame 


95 V 


ii 


Fig. 5 





An electrometer 


requiring an extremely low 


tv yp ot un plific r Or coupling 


inode pote ntial, can b 


is the input tube in the piezoelectric amplifier. ‘I 
put resistance to this tube can be practically in 

10> megohms Other tubes are available, how 
that will function satisfactorily as a coupling tubs 








ing higher gains than the electrometer tubes. A 4 
sentative type is the Westinghouse type RJ-550, us 
the circuit shown in Fig. 5. This stage can be used 
] 

local battery power supplies, with bias cells (on 
each) in the input circuit. This stage can be co 
into any amplifier capable of operating at the freq 
cies at hand. 

In the above-mentioned Zeiss equipment, chang 
the calibration constant for the various operating « 
tions is accomplished by the insertion of a selected 
capacity across the crystal. In another amplifi 
sweep svstem used hy Drs K luo ind Linkh To. 
tests, a space charge connection is used with the 
tubs 

\ his } ‘ | ‘ oO , iy | i . lem 

Ieh-spee ngine pressure indicator elemen 
veloped by the Commercial Engineering Laboraton 
Detroit is Shown in Fig. 6. 

In mounting the ervstals care must be taken so 
the charges that appear across opposite faces are 
shorted by the mounting holde If more than one 
is used. the faeces hay Inga Scare pol rity must be conn 
to the san tt rminal. 

It is not difheult to superimpose pulses from the ig 
tion circuit on the same pressure time curves, In t 
inless special hielding precautions are obse rved. 
surges often are unintentionally present. 
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Valve Types and Sizes 
for Automatic Flow 
Control Applications 


[he resistance 


uit regulated. To control the flow, 


By ED S. SMITH, Jr. 


ee | 


Hydraulic Engineer, C. J. Tagliabue Mfg. Co., 


of a control valve is only 
it is necessary that t 


Brooklyn, N. Y. 


a 


ot tl 


Nat of 


le Valve 


the Nydraull 


Nave enough 


istance to dominate the circuit under the required range of conditions. The 


llowing notes are pertinent here, even though tl 


1 
i 


\ 


wy 


might prove 


nentary notes on hydraulics to engineers constantly working 


hese notes have been prepared and edited with the 


. . } 
standyx unt of the designer or manufacturer of flow meters o1 


For m 


ition between opening and discharge when 


iny purposes, it is satisfactory to use a valve having a practically linear 
it | 


1 th { 4 
S y 
1 th Lil 


1 
the discharge 


[(A 


ction 


t 


A) 


ctor | 


t} 


for 


to De rat 


In this Neild 


user 1n mind——not tron 


stance in the circuit. The reason for this may appear from a 
wing typical industrial applications 
For a circuit having high friction losses, a plotted curve of 
harge against valve travel should be non-linear, nsing rapidly 
such a curve as is given roughly by a valve having an eq 
rease per unit movement of the valve 
As a start, assume that the effect of installati s zero. C 
ely large reservoir having a vertical side containing a paral] 
il slot partially closed by a sluice gate. The di la vill he 
tional to the opening. Indeed, this simple dk sh Is 
story to th present for apportioning Water Trom a mm 
iting a number of separately owned farms 
(a) Gravity Flow in a Short Pipe. 
As soon as the ccntrol valve is put into a pipe, two things 
(1) the effect Oot th velocity I ipprodacn al d (2) t { 
w meter that commands this control valv 
(1) Even without friction loss in the pipe and with a wid 
ve, the discharge Q will be limited to a valu sponding vw 
1, assumin rm parallel flow in the pipe 
G) . W2igk 
; H V,°/2¢ 
With a valve of rectangular cross-section, th 1 A of op 
il to the amount of opening. Starting with such a valv 
irge will increase practically in proportion to the area A until 
open, when the effect of the velocity of approach is felt. The 
s as in equation (2), while the loss across the valve is substa 
H (A,/A PAV 54/28 EN a 
total head H: is the sum of the entrance loss H; and ily 


ms the only 


nor } 
tp} 4 { 4 
study of thi 
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| 
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pr enta 
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sider a 
sided 
led 
substantia 
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Pyrometers 
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Resistance Thermometers 

|? rometel Controllers 

Rare and Base Metal 

Thermocouples 

Vhermocouple Protection “a 
r 1 <x 
tubes 

exhaust Gras Analy sers 

Pellite Panels for Automo- 
tive Test 
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1¢ Whole, it appears that while it is necessary to treat a valve from 
int of its resistance in conjunction with the other resistances in 
lic circuit, it also is necessary to consider the effective area of the orit 
valve just as though the control valve itself was a flow meter. In ot] 
the resistance is expressed by the product of the valve’s “friction 
by the velocity-head of the flow in the pipe; this k being subject to si 


iriations that it 1s best expressed by its log 
t C, expressing the ratio of effective area to pl ; 
ling to equation (7) with the area ratio a. The coefhcient C and th 


rk. including the veloc 


ity head in the pipe, is 


k bye ( 


haracteristic relation of friction factor k’ to valve opening for sev 
valves is shown in Fig. 28-1 
) The usual differential type flow meter is somewhat more slugygts 
at high. Consequently the width of th ening s ( 
early closed, so that there is no excessive tendency to hunt with a near] 
valve. In Fig. 28-11, the solid line shows the value of C from the abov 
hile the dotted line shows the shape of slot required t ve fairly stal 
nance of control valve with a usual flow meter governing its action. T] 
S ne shows the value of k for the parallel walled slot vals ft 
Of course, the foregoing analysis 1s oversimplifed in several wavs 
(b) Gravity Flow in a Long Horizontal Line. 

To obtain reasonably satisfactory regulation with a discharge 1 
turbulent flow in a long horizontal line fed by gravity and discharging 
itmosphere through a variable demand valve, the control valve’s desi 
be made as below: 
line friction aq (S) 
demand valve loss bg (9) 
ontrol valve loss cq (10) 


Total head H (a+b+c)q° (] 


other words, with one-fifth of the maximum flow and the same head. 


ction tactor c; must equal approximately 24 times the friction factor t 
tire line, including the wide-open control valvi 
eae si ee eee ot 
Further, assume that the head can vary over a range of 1:4, or f1 
+) feet. With wide-open valve, one extreme condition exists ‘ 


t 


v at 10-ft. head. With valve most nearly closed, the ot 


7 
) minimum flow at 40-ft. head 


st nearly closed 4H — (a b) (1 


99 (a+b) +1 ( 
| ximately MN) (a ) ( 
I lus the friction factor for the ‘ trol vals \ I 
t a discharge range of from 1:5 anda re : 
For positiveness of control, it would possit 
nent of the valve able to affect equally lis 
I lischarg ind head witnin t DO" I S 
sidering stability. When valve stability is : ( : 
POsslf ty tT Water ha mer wit i lo ) 
ortant to have a unit displaceme 
entae ha lige Of th discharge rate set. Witho ] 
itical analysis, the following qualitative observations a 
\ 1 control valve is nearly wide ops 1 1S 
y by the friction in the line, the regulat ls 
tO tnat for an irl C osed Valv is 1S appal t I s i 
S-12 showing head lost across valve plotted against dis 








What the modern temperature re 
corder is to the common thermometer 


—So is the new HAYS 


PYCNOGRAPH 


(SPECIFIC GRAVITY RECORDER 


to the common hydrometer. 





The front portion of the Pycnograph is a 
square-case round-chart recorder. The meas 
uring section, built of corrosion-resistant ma 
terials, operates on the simple, precise prin 
ciple of the chemist’s balance. Working range 
>° Baume and up. Can be used successfully 
for practically any tiquid which will flow 
freely 
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Needle Valves for 
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Kurman 
OFFERS 
2 New x 
pe. 
Sensitive 


Relays 


SENSITIVI 


14 Milliwatts for positive operation. 


ADJUSTABLI 


Pull up—drop out—speed 
DROP OUI 

From 50 to 85 of pull 
CONTACTS 

Fine silvet lis amps 110 \ A.C 
RANGI 

0005 V. 25 amps -to- 20 V. .00065 amps 


FEATURES 
iC Wide contact 
¢ Speed 
RUGGED 
Some customers report 4 years continu- 


separation 


OOL seconds 


ous satistactory operation. 


Kurman Electric Co., Inc. 
241 Lafayette Street, New York City 
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